INTRODUCTION
The rapid formation of Ins(1,3,4,5)P4 was first described in cholinergically stimulated brain cortical slices (Batty et al., 1985) , and has since been demonstrated in stimulated rat parotid slices (Hawkins et al., 1986) , submandibular and pancreatic acini (Doughney et al., 1987a,b) , insulin-secreting tumour cells (Biden & Wolheim, 1986 ) and rat hepatocytes (Hansen et al., 1986) . A parent phospholipid (phosphatidylinositol 3,4,5-trisphosphate), which would be broken down by phospholipase C action to produce Ins(1,3,4,5)P4, was not detectable in rat parotid (Hawkins et al., 1986) , and evidence suggests that Ins(1,3,4,5)P4 is produced from Ins(1,4,5)P3 by the action of a 3'-kinase , which is dependent on Ca2" in some cells (Biden & Wolheim, 1986; Tennes et al., 1987; Yamaguchi et al., 1987; Zilberman et al., 1987) . A 5'-phosphomonoesterase in human erythrocyte membranes, originally shown to hydrolyse Ins(1,4,5)P3 (Downes et al., 1982) , also degrades Ins(1,3,4,5)P4 to Ins(1,3,4)P3 (Batty et al., 1985) .
Ins(1,3,4)P3 is formed in a variety of cells after stimulation, with a slower time of onset than for Ins(1,4,5)P3 and Ins(1,3,4,5)P4 Biden & Wolheim, 1986; Hansen et al., 1986; Doughney et al., 1987a,b; Zilberman et al., 1987) , and has not yet been ascribed any biological function.
The present study originated from our initial studies of inositol phosphate formation in cultured sweat duct cells (Doughney et al., 1987c) . Since the pathways have not previously been studied in detail in this cell type, we wished to demonstrate that an inositol polyphosphate formed, after cholinergic stimulation, which was eluted in the same position on anion-exchange columns as Ins(1,3,4,5)P4, was degraded in the expected manner by the 5'-phosphomonoesterase of the erythrocyte membrane. Preliminary control experiments using authentic Ins(1,3,4,5)P4 revealed a previously undescribed 3'-phosphomonoesterase activity in human erythrocyte membranes incubated in the absence of Mg2", such that the major product was Ins(1,4,5)P3.
MATERIALS AND METHODS Preparation and incubation of human erythrocyte membranes
The methods used were based on those described by Downes et al. (1982) . Freshly drawn blood in heparin, from healthy volunteers, was centrifuged, and the erythrocytes were washed three times in 154 mM-NaCl/ 1.5 mM-Hepes/NaOH, pH 7.2, and lysed by mixing with 8 vol. of 2.5 mM-Hepes/NaOH, pH 7.0, containing 1 mM-EGTA at 4 'C. After centrifugation for 15 min at 23 000 g, the membranes were washed six times with lysis buffer and then twice with 154 mM-NaCl/ 1.5 mM-Hepes/ NaOH, pH 7.2. The resulting membranes were incubated in 30 mM-Hepes/NaOH, pH 7.0, at a concentration of 1 mg of membrane protein/ml for various times at 37 'C in the presence of 5 nCi of [3H]Ins(I,3,4,5)P4/ml [0.1 Ci/ mmol, from NEN, Dupont (U.K.), Stevenage, Herts., U.K.]. When applicable, EDTA was added from a stock solution of 10 mM-NaEDTA, pH 7.0. Reactions were terminated by the addition of an equal volume of 20 % (w/v) trichloroacetic acid, and the precipitated proteins were removed by centrifugation. Trichloroacetic acid was removed from the supernatant by extraction with 4 x 4 vol. of water-saturated diethyl ether, and the extracts were neutralized with 1 M-K2HPO4. Mannitol was added to a concentration of 5 mm, and the extracts were freeze-dried.
Separation of 3H-labelled inositol phosphate products
The extracts were dissolved in I ml of water for injection on to a Partisil SAX 10 high-performance anion-exchange column (Technicol, Stockport, U.K.) equilibrated with water. The inositol phosphates were eluted with a modification of an ammonium formate gradient previously described for extracts of exocrine acini (Doughney et al., 1987a,b When the Mg" concentration was lowered by omitting it from the incubation medium or depleted to less than nanomolar concentration by addition of 1 mM-EDTA, the amount of Ins(1,3,4,5)P4 hydrolysed was progressively decreased, although 5400 was still hydrolysed in 1 h in the presence of EDTA. The time courses (Fig. 1) show that hydrolysis is markedly slower in the presence of EDTA, being linear up to 1 h. However, the unexpected finding was that, as the Mg2+ concentration was lowered, a different product was formed such that, in the presence of EDTA, only 150 was Ins(1,3,4)P3 and 800 was Ins(1,4,5)P3 after 1 h ( Table 1 ). The amount of InsP2 produced was also decreased, presumably because of the Mg2"-dependence of Ins(I,4,5)P3 5'-phosphomonoesterase activity (Downes et al., 1982 In order to confirm that the compound formed in the presence of EDTA was Ins(1,4,5)P3, in two experiments (Table 1 ) a 1 h incubation in the presence of EDTA was followed by a further 1 h after addition of 3 mM-MgCl2. As shown, after the second hour, there was virtually no Ins(1,4,5)P3 present, and 720% of the radioactivity was InsP2. This is consistent with the Ins(1,4,5)P3 formed in the first hour being broken down in the second hour by a Mg2+-dependent 5'-phosphomonoesterase.
The sequential incubations for 1 h in the presence of Mg21 followed by 1 h with excess EDTA added produced similar amounts of Ins(1,3,4)P3 and InsP2 to those formed in 1 h in the presence of Mg2+ (Table 1) . Under these conditions, very low amounts of Ins(1,4,5)P3 were formed (Table 1) , as would be expected, since after the first hour the Ins(1,3,4,5)P4 would have been present at not more than 10 0 of its starting concentration. Similarly, in the sequential incubations in EDTA followed by Mg2", less Ins(1,3,4)P3 was formed than would have been predicted, when the Ins(1,3,4,5)P4 concentration would have been decreased by 50-60 % after the first hour.
The results therefore confirm previous reports (Batty et al., 1985; Hawkins et al., 1986; Hansen et al., 1986) that Ins(1,3,4,5)P4 can be hydrolysed by a Mg2+-dependent 5'-phosphomonoesterase. However, the finding of a 3'-phosphomonoesterase activity at very low Mg2+ concentrations was unexpected, although it is noteworthy that a 3'-phosphomonesterase activity against Ins(1l,3)P2 has been described in calf brain which was active in the absence of Mg2` (Bansal et al., 1987) .
The data do not allow any conclusion to be drawn as to whether the 3'-esterase activity is the same enzyme as the 5'-esterase with altered specificity at low Mg2+ concentration, or a distinct enzyme whose activity is masked by the 5'-esterase at millimolar Mg2+, but is more active in the absence of Mg2+. In the latter case, the existence of a distinct 3'-phosphomonoesterase in a hormally regulated cell, compartmented from 5'-phosphomonoesterases, might act with Ins(1,4,5)P3 3'-kinase to maintain constant concentrations of Ins(1,3,4,5)P4 and Ins(1,4,5)P3 by a futile cycle, more favourable energetically than by the cycling of Ins(1,4,5)P3 via inositol and phosphatidylinositol 4,5-bisphosphate (Downes & Wusterman, 1983; Berridge & Irvine, 1984) . This may be important for the concerted action of Ins(l, 3, 4, 5) P4 and Ins(1,4,5)P3 in regulating increased Ca2" entry in stimulated cells, as suggested by previous studies (Irvine & Moor, 1986 Morris et al., 1987) and consistent with maintenance of Ins(1,4,5)P3 concentrations, which may be required to prevent re-filling of the intracellular Ca2" store during continuous stimulation (Putney, 1986; Brown et al., 1987; Dormer et al., 1987) .
In summary, we have shown that in erythrocyte membranes a mechanism exists by which Ins(1,3,4,5)P4 is hydrolysed to Ins(1,4,5)P3. Like other enzymes of inositol phosphate metabolism previously described (Downes et al., 1982; Batty et al., 1985) , although this may not be important in the physiology of the mature erythrocyte, it might have a counterpart in hormonally regulated cells and reveal a new complexity in our understanding of the interaction of these important intracellular messengers.
